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A Quantum Algorithm for Finding Reciprocal Approximation and
Its Quantum Circuit

ZHU lJia-liang, YE Bin,JI Wen
(School of Information and Control Engineering,China University of Mining and Technology,Xuzhou 221116 ,China)

Abstract : Finding the reciprocal of an unsigned number plays an important role in numerical calculations. How to find the reciprocal
efficiently and accurately in quantum circuits affects the performance of many quantum algorithms. A quantum algorithm is proposed to
calculate the approximation of the reciprocal and the corresponding quantum circuits are designed. Firstly,the input binary number is stored
in the input register. Then,the multiplication results of two n-bit binary numbers are stored in 2n auxiliary qubits by adding Toffoli gate.
After the least significant auxiliary bits are set to 0,the n—bit quantum full adder designed by the basic quantum gate is reused to shift and
add the auxiliary qubits. The zero setting circuit is designed by the CNOT gate to zero the auxiliary register,so the auxiliary qubit can be re-
used. Finally,a multiplier with small quantum circuit width is designed. Newton iterative method is used to obtain a system diagram for re-
ciprocal approximation. Then based on the above-mentioned quantum full adder and quantum multiplier, each module of the system
diagram is designed. Finally,each module is connected to form a complete reciprocal quantum circuit. Through analysis,it can be seen that
the quantum circuit improves the utilization rate of auxiliary qubits and has low computational complexity.
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